used. These cultures were obtained as follows. Seeds were germinated in the dark aseptically for 3 days at 26 C and pieces of the hypocotyls 3 to 4 mm long were removed. The hypocotyl tips were placed on the surface of 1% agar with PRL-B5 medium containing 1 ,UM 2,40D (5). After 15 days, epidermal and cortical tissue was stripped off with a pair of fine forceps, and the stele was discarded. The epidermal and cortical tissue masses were cut into fine pieces with iris scissors. The cells were then passed through a 200-Am nylon mesh screen and placed on 1% agar containing B5 medium with 1 ,UM 2,4-D and 1 A.M kinetin. After 2 weeks, the cells were resuspended in PRL-B5, centrifuged, and replaced on fresh agar medium with B5, but devoid of added hormones. This manipulation was apparently enough to bring about the desired type of differentiation, namely, enrichment of root hair cells. 
Although cultures from soybeans and peas have been described in the literature (1, 4) , the differentiation of such cultures to give cells which yield root hairs has not been documented. We wish to describe techniques yielding relatively large numbers of root hairs in cultures from soybean roots. The cultures enriched with root hair cells were obtained during our studies on the association between Rhizobia and soybean cells. In the present communication, we extend our previous observations on the in vitro association between R. japonicum and cultured soybean cells (13, 16) and indicate some advantages of using cultures enriched in cells with root hairs, for studies of in vitro symbiosis. Plant cultures enriched in cells with root hairs may also prove of use in other in vitro studies of root cell physiology.
MATERIALS AND METHODS Primary cultures of Glycine max. (L.) Merr. Harosoy and
Acme were used. These cultures were obtained as follows. Seeds were germinated in the dark aseptically for 3 days at 26 C and pieces of the hypocotyls 3 to 4 mm long were removed. The hypocotyl tips were placed on the surface of 1% agar with PRL-B5 medium containing 1 ,UM 2,40D (5). After 15 days, epidermal and cortical tissue was stripped off with a pair of fine forceps, and the stele was discarded. The epidermal and cortical tissue masses were cut into fine pieces with iris scissors. The cells were then passed through a 200-Am nylon mesh screen and placed on 1% agar containing B5 medium with 1 ,UM 2,4-D and These cultures could be left on agar for up to 2 months. Alternatively, cells were placed in suspension in the same medium in Erlenmeyer flasks and shaken at 100 rpm in a model G2L environmental incubator gyratory shaker (New Brunswick Scientific). All cultures were incubated at 26 C in the dark.
The Rhizobia studied in association with cultured soy cells were obtained from USDA Laboratories at Beltsville, Md. or the Nitragin Co. (Milwaukee, Wis). The R. japonicum (Kirchner) Buchanan strains used were USDA R138 and 61A76. These were usually maintained on agar slants (17) and then grown in suspension cultures as needed, using the medium of Valera and Alexander (17) . We also used B5 medium with 1 We also used our cultures for studying attachment of Rhizobia to different types of soybean root cells. Inspection of the live cultures for this purpose was facilitated by using Zeiss dark field optics.
Inspections of stained sections were also made. Fixation and staining of sectioned material often added uncertainties for ex-cytoplasmic profiles of the plant cell vesicles. In our opinion, live preparations were better suited for such examinations. Examinations with interference contrast optics (Zeiss) allowed rapid evaluation of the cultures for possible use in acetylene reduction experiments.
RESULTS
Root cell and root hair cell proliferation was obtained when cells were placed in medium which was lacking 2,4-D and kinetin. These cells were then maintained in culture for long periods of time when returned to medium containing 1 aM each of kinetin and 2,4-D. The combination of higher 2,4-D or kinetin interfered with expression of root hair cell morphology in the root cell culture. Figure 1 a is a phase contrast photograph of cells started as indicated under "Materials and Methods" and then suspended in B5 medium without the 2,4-D. The suspension culture was 2 days old, and the "hair" appendage is quite short (arrow) in the young root hair cell. The major criterion for identification of root hair cells is that the main cell body is kidney-shaped, with a single, narrow appendage or "hair," on the concave side. The cell in Figure la also shows clumps of Rhizobia attached to one side of the main cell body.
Root hair cells could be obtained more easily from cultures derived from Glycine max variety Acme than from cultures derived from variety Harosoy. Figure 1 , b through f, was made with dark field illumination. In Figure lb, Figure lc shows root hair appendages more clearly (Fig. ld) . This figure shows presumed infection thread material in the appendage of the root hair cells, as seen with dark field optics. Round cortical cells to the back of the root hair cells were also seen ( Fig. 1 , c-f) and these cells contained Rhizobia. A morphological criterion is difficult for these cells, other than the observation that these were next to distinctly epithelial cells, they were round and were invaded. On the other hand, many root hair cells (Fig. id) appeared not to contain infection threads or Rhizobia. The few root hair cells which have infection threads in Figure 1 , c and d are indicated by arrows. Cells in the cultures exposed to the bacteria for periods longer than 3 days had few Rhizobia attached to the exterior surfaces (Fig. 1, c-f ). The actual infection of the plant cells in culture with initial destructive invasion, and the differentiation of some of the plant cells for symbiosis are separate events. Since each event is chronologically separated, the earlier phenomena (attraction and attachment of bacteria) can be studied independently of the latter (infection and differentiation). This chronology holds for both callus as well as suspension cultured soybean cells.
The last two illustrations of Figure 1 are from the same slide mount. The low power picture (Fig. le) shows the appearance of Harosoy cell clusters invaded by R. japonicum R138. These clusters were maintained on agar for 2 months prior to photography. Figure 1 , e and f was that used to demonstrate acetylene reduction in vitro (Fig. 4) .
A further examination of the cultures was made with interference contrast optics. Figure 2a is a light microscope picture taken at high magnification with interference contrast optics of a symbiotically differentiated cell. The cell walls can be seen clearly, and there are no Rhizobia attached on the outside of the cell wall. The cell membrane (M) is barely visible due to the shadow effect of the lighting. The peribacterial structures around the bacteria (BV) are seen in the parts of the cell which were in complete focus. Figure 2a pellet was a 100-fold lower than the control culture (C) of Figure   3 . This combined pellet was resuspended in 2 ml of B5 with no nitrate medium, and assayed in similar vials to those used for the experiment of Figure 3 . In contrast to those situations in which free Rhizobia have been induced to give nitrogenase activity in pure culture (4, 7, 9, 10) , the infected plant cells started reducing acetylene as early as the vials were assayed. The acetylene reduction activity indicated in Figure 3 ments were initiated with 2% 02, 1.8% acetylene, and the remainder argon. At 2.5 hr, pure 02 was injected to a calculated concentration of 5% for one set of vials (@) and 10% for another set of vials (0). At 6.5 hr, the 02 for the former vials was increased to 20%. Data points are the mean from duplicate vials. It should be noted that one set of vials (@) gave superior reduction rate with 2% 02 (see text). These preparations were not as uniform as those used for the experiment of Figure 3 .
The rate of acetylene reduction with f3-hydroxybutyrate was below that of controls without substrate(s). Synergetic R. japonicum metabolize this substrate to give acetylene reduction (13) . The poor acetylene reduction obtained with f8-hydroxybutyrate cannot be easily explained at the present time. After infection, plant cells may not be permeable to this substrate.
The viability of the plant cells invaded by Rhizobia is illustrated further by the experiment shown in Figure 4 . In this experiment, acetylene reduction was monitored after addition of different quantities of 02 in the measuring vials. The combination of Acme plant cells and R. japonicum 61A76 was used. The experiment was conducted with plant cells which had been infected 50 days previously and kept on agar until the experiment was carried out. The agar culture was suspended in liquid medium and washed copiously with B5 medium to reduce the Rhizobia which had not invaded the cells. Duplicate vials were set up for each of two types of treatments containing various concentrations of 02. Fifteen mg of infected root cells were added to the vials. Both treatments were started with 2% 02, 1.8% acetylene, and the remainder argon. After 2.5 hr, a calculated 5% 02 concentration was presented to one set of vials whereas 10% 02 was added to another set. Acetylene reduction was followed over a period of 1 day (Fig. 4) . The 02 content of the vials containing 5% 02 was increased to 20% after a period of 6 hr. Both sets of vials exhibited similar rates of acetylene reduction after 8 hr. (Two vials per set were used and results averaged.) One set of vials (@) gave superior acetylene reduction with 2% 02 than the other (0). This may be due to better association between plant cells and bacteria in cell clusters sampled in the former case. The experiment showed that larger quantities of 02 were needed when symbiotic association was made in culture by Rhizobia reducing the acetylene in association with plant cells. It was necessary to increase the 02 concentration gradually and 10% 02 was the final optimal concentration when these infected soybean cultures were not shaken during the assay. When free Rhizobia in pure culture reduced acetylene, very low quantities of 02 were needed as illustrated with the cowpea Rhizobium 32H1 by Evans and Keister (4) . In this case, the cultures were shaken (4). In tests with synergetic culture, intermediate levels of 02 were needed by R. japonicum strains 61A76 or R138 (14) . When Apparently, the in vitro system of studying symbiotic nitrogen fixation has been difficult to repeat (2, 10) since it was first reported by Holsten et al. (6) . The (13, 15) .
The differentiated cultures illustrated in Figure 1 (Fig. 3) . (b) Acetylene reduction required higher 02 than that for synergetic (13) or free-living rhizobial cultures (4, (7) (8) (9) 
